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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States patent application number 13/721,948 filed December 20, 2012,
which is a continuation-in-part of U.S. Patent Application Serial No. 13/460,076, filed on April 30, 2012, which is herein
incorporated by reference in its entirety.

FEDERALLY SPONSORED RESEARCH & DEVELOPMENT

[0002] This invention was made with Government support under contract number (HR0011-11-C0127) awarded by
the Defense Advanced Research Projects Agency. The Government has certain rights in the invention.

FIELD OF THE INVENTION

[0003] The present disclosure generally relates to dry solid substrates and methods of their use for ambient extraction,
stabilization, and preservation of nucleic acids, particularly RNA, from a biological sample in a dry format. Methods for
extracting, collecting, preserving, and recovering nucleic acids from the dry solid substrates are also described.

BACKGROUND

[0004] RNA is one of the most difficult biomolecules to stabilize as a consequence of both chemical self-hydrolysis
and enzyme-mediated degradation. Accordingly, the extraction and preservation of RNA derived from a biological sample
is sensitive to a number of environmental factors including but not limited to the buffer used to extract or collect the RNA,
pH, temperature, and particularly the ubiquitous presence of robust ribonucleases (RNases). As a result, RNA in both
purified and unpurified states has typically required storage at -80°C to prevent hydrolysis and enzymatic degradation
and preserve the integrity of the RNA sample. The capability to extract, collect, and preserve RNA under ambient
conditions is economically desirable in order to avoid the costs and space requirements associated with refrigeration or
freezing samples at -80°C.
[0005] Current methodologies for preserving RNA under ambient conditions in a liquid state have focused on deacti-
vation of RNases through the use of, for example, detergents, chaotropic compounds, reducing agents, transitional
metals, organic solvents, chelating agents, proteases, RNase peptide inhibitors, and anti-RNase antibodies. Additional
efforts have focused on modifying RNA chemically in order to prevent transesterification and self-hydrolysis. Most com-
mercially available RNA preservation products but can only preserve RNA in a liquid state for days or weeks at room
temperature. Current technologies that claim successful collection and preservation of RNA in a dry format typically
require that the RNA is first "pre-purified" and concentrated from the biological material (e.g., biological samples such
as blood, serum, tissue, saliva, etc.) prior to storage of the RNA.
[0006] Current technologies for the preservation of RNA in a dry format require additional drying facilities. These
methods are therefore not conducive to direct RNA collection from a sample (e.g., a biological sample) without significant
sample processing.
[0007] Accordingly, compositions and methods that integrate RNA extraction, stabilization, and storage/preservation
from a sample (e.g., a biological sample) within a single process are desirable and needed in the art. Such compositions
and methods would permit long-term storage of RNA under ambient conditions and allow the intact RNA to be recovered
for further analysis.

BRIEF DESCRIPTION

[0008] A dry solid matrix for the extraction and storage of nucleic acids from a sample, such as a biological sample
as defined herein below, wherein a composition comprising a protein denaturant, a reducing agent, a buffer, and optionally
a free-radical trap or RNase inhibitor is present in the solid matrix in a dried format is described. In one embodiment,
the dry solid matrices of the instant application permit prolonged storage of a biological sample comprising nucleic acids
(e.g., RNA, DNA) in a dry format under ambient conditions. The dry solid matrix of the invention comprises at least one
metal thiocyanate salt comprising a Group 1 or Group 2 metal cation, a reducing agent, a buffer, and optionally a free-
radical trap or RNase inhibitor.
[0009] Nucleic acids (e.g., RNA, DNA) stored in an ambient state on dry solid matrices may be subjected to a process
to release the nucleic acids from the solid matrix in an intact format that is suitable for further analyses of the collected
nucleic acid samples. Methods of using the solid matrices of the invention for extracting and storing nucleic acids from
a biological sample are also provided.
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DRAWINGS

[0010] These and other features, aspects, and advantages of the chemically modified porous membranes will become
better understood when the following detailed description is read with reference to the accompanying drawings in which
like characters represent like parts throughout the drawings, wherein:

FIG. 1 provides a representative electrophoretogram of nucleic acids recovered from cellulose through electro-
elution after spotting cultured human cells onto solid matrices of different compositions. High molecular weight
genomic DNA and 28s/18s rRNA bands are indicated. Quantitation of DNA and RNA using Image J is further
provided. A vertical line was drawn from the top of each gel lane to the bottom in panel A, and pixel intensity (gray
value arbitrary units) was plotted as function of line distance (cm) using the Plot Profile function. Peaks corresponding
to genomic DNA and 28s/18s rRNA are shown in the boxes. Additional experimental details are set forth in the
Example section below.

FIG. 2 provides gel pixel intensities, presented as gray value arbitrary units, for 28s and 18s rRNA for each of the
depicted compositions. Cellulose samples were stored for 10 days at room temperature in a desiccator cabinet prior
to analysis. The ratio of 28s to 18s rRNA is set forth above each bar on the graph. Additional experimental details
are set forth in the Example section below.

FIG. 3 provides gel pixel intensities for 28s and 18s rRNA for each of the depicted compositions. Cellulose substrates
were stored for 13 days at room temperature in a desiccator cabinet prior to analysis. The ratio of 28s to 18s rRNA
for each of the experimental conditions appears above each bar on the graph. Additional experimental details are
set forth in the Example section below.

FIG. 4 provides gel pixel intensities for 28s and 18s rRNA for each of the depicted compositions. Cellulose samples
were stored for 10 days at room temperature in a desiccator cabinet prior to analysis. The ratio of 28s to 18s rRNA
for each of the experimental conditions appears above each bar on the graph. Additional experimental details are
set forth in the Example section below.

FIG. 5 provides gel pixel intensities for 28s and 18s rRNA bands for each of the compositions shown. Cellulose
samples were stored for 30 days at room temperature in a desiccator cabinet prior to analysis. The ratio of 28s to
18s rRNA for each of the experimental conditions appears above each bar on the graph. Additional experimental
details are set forth in the Example section below.

FIG. 6 provides RNA Integrity Numbers (RIN) measured from dried blood spots on cellulose substrates, as determined
on an Agilent 2100 Bioanalyzer using RNA 6000 Pico LabChips, for each of the conditions listed. Additional exper-
imental details are set forth in the Example section below.

FIG. 7 provides evidence for mRNA protection against sun damage on cellulose substrates. Each bar in the graph
represents the difference in qRT-PCR cycle thresholds between UV-treated and untreated samples comprising the
indicated compositions in the figure. Additional experimental details are set forth in the Example section below.

FIG. 8 provides TCEP activity on cellulose-based papers in the presence of different buffers and at different tem-
peratures over a 4-week time period. Additional details are provided in the Example section.

FIG. 9 provides RNA Integrity Numbers (RIN) for cultured human cells spotted onto chemically-impregnated cellulose
substrates. Samples were stored at ambient temperature for at least a week prior to RNA analysis on an Agilent
2100 Bioanalyzer. Additional experimental details are set forth in the Examples section below.

FIG. 10 provides RNA Integrity Numbers (RIN) for dried blood spots on chemically-impregnated cellulose substrates.
Dried blood spots were stored at ambient temperature for 19 days prior to RNA analysis on an Agilent 2100 Bioan-
alyzer. Additional experimental details are set forth in the Examples section below.

DETAILED DESCRIPTION

[0011] Dry solid matrices for ambient extraction and storage of nucleic acids (e.g., RNA, DNA, or a combination thereof)
from a sample (e.g., a biological sample), wherein a composition comprising a protein denaturant, a reducing agent, a
buffer, and optionally a free-radical trap or RNase inhibitor is incorporated into the solid matrix in a dry state, are described
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herein. The solid substrates for extraction and dry storage of nucleic acids (e.g., RNA, DNA, or a combination thereof)
under ambient conditions comprise at least one thiocyanate salt comprising a Group 1 or Group 2 metal cation, a reducing
agent, a buffer, and optionally a free-radical trap or RNase inhibitor present in a solid matrix in a dried format. "Incorpo-
ration" of the compositions described above includes but is not limited to the "dipping" procedure described below. One
of skill in the art will appreciate that many such methods exist to accomplish incorporation of the composition into the
dry solid matrix. Following incorporation of the composition into the dry solid matrix, the solid matrix is dried in accordance
with any appropriate method.
[0012] The compositions of the invention permit prolonged dry preservation of nucleic acids from a sample under
ambient storage conditions. This observation is of particular importance with regard to RNA, which is widely known to
be unstable under ambient conditions. The term "solid matrix" as used herein includes cellulose-based products, cellulose,
cellulose acetate, glass fibers, or any combination thereof. A solid matrix of the present application is porous. In particular
embodiments, the solid matrix is a porous cellulose paper from Whatman™, such as 903, 31-ETF, FTA™ or FTA™
Elute. The terms membrane, paper, cellulose paper, solid matrix, and substrate may be used interchangeably throughout
this disclosure. One of skill in the art would immediately recognize these are used in the art to refer to the same type of
composition.
[0013] The term "extraction" refers to any method for separating and isolating the nucleic acids from a sample, more
particularly a biological sample. Nucleic acids such as RNA and DNA can be released, for example, during evaporative
sample cell lysis in the air or by the presence of compounds in a chemically modified solid matrix that upon contact with
the samples results in cell lysis and the release of nucleic acids (e.g., FTA™ Elute cellulose papers). One of skill in the
art will appreciate that any method that results in the extraction of nucleic acids, particularly RNA, from a sample (e.g.,
an unpurified biological sample) such that the nucleic acids can be captured on the solid matrix for stabilization, and
preservation of the nucleic acids may be used in the disclosed compositions and methods. The above examples of
methods for the extraction of nucleic acids from a sample are provided for illustrative purposes only. The terms "storage"
or "preservation" may be used interchangeably herein with respect to maintaining the extracted nucleic acids in a format
suitable for further analysis.
[0014] Skilled artisans in the field of nucleic acids, particularly RNA, traditionally assess the stability and quality of
RNA on the basis of: (1) quantitative RT-PCR amplification of mRNA targets; (2) RNA Integrity Number (RIN) analysis
on an Agilent 2100 Bioanalyzer; and (3) the ratio of 28s:18s ribosomal RNA (rRNA), which compromises the bulk of
total cellular RNA. High-quality cellular RNA generally exhibits a 28s:18s rRNA ratio greater than 1 and a RIN score
approaching 10. In practice, a desirable RIN score is generally greater than 5. Moreover, high-quality cellular RNA
supports efficient amplification of both low-abundance and large (e.g., great than1 kB) mRNAs. For the purposes of
convenience, rRNA signal intensity and the ratio of 28s:18s rRNA are frequently used to rapidly screen and identify
samples with robust RNA storage properties by gel electrophoresis.
[0015] As defined herein, a "biological sample" includes but is not limited to blood, serum, tissue, nasal mucous, and
saliva obtained from any organism, including a human. Biological samples may be obtained by an individual undergoing
a self-diagnostic test (e.g., blood glucose monitoring) or by a trained medical professional through a variety of techniques
including, for example, aspirating blood using a needle or scraping or swabbing a particular area, such as a lesion on
a patient’s skin. Methods for collecting various biological samples are well known in the art. The term "sample" includes
biological samples as defined above, but also includes, for example, tissue cultured cells and purified nucleic acids.
[0016] A composition comprising a protein denaturant, a reducing agent, and a buffer is present in the dry solid matrix
of this disclosure. The composition may optionally further comprise an ultraviolet (UV) inhibitor, a free-radical trap, an
RNase inhibitor, a chelator, or any combination thereof. Numerous protein denaturants are known in the art including
guanidinium thiocyanate, guanidinium hydrochloride, arginine, sodium dodecyl sulfate (SDS), urea, or any combination
thereof. A schematic of an exemplary protein denaturant is set forth below:
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[0017] Wherein each R may be independently a member selected from the group consisting of hydrogen, a heteroatom
containing radical or a hydrocarbon radical.
[0018] The heteroatom containing radical is a group comprising a member or members selected from nitrogen, oxygen,
sulfur, phosphorus, silicon, and boron. It is an object to bind a guanidine containing compound using reactive functional
groups. Typical reactive groups which bear heteroatoms include epoxy, acrylate, maleimide, acyl halide, alkyl halide,
azide, cyanate ester, isocyanate, aryl halide, aldehyde, amine, oxime, thiol, alcohol, acid, aziridine, azo, Isothiocyanate,
anhydride, mixed anhydride, lactone, sultone, and ketone.
[0019] The hydrocarbon radical is a group comprising both carbon and hydrogen, though may also contain heteroatoms
to enhance hydrophilicity. It is an object to bind a guanidine containing compound using reactive functional groups.
Typical reactive groups which bear hydrocarbon include allyl, styryl, vinyl, and alkyne. Heteroatom containing hydrocarbon
groups include 2, 3 or 4-oxystyryl, aminoallyl, oxyallyl, oxyvinyl, amino vinyl.
[0020] X is an anion, which is a radical containing one or more formal negative charge(s). A member or members
selected from the group consisting of chloride, thiocyanate, sulfate, phosphate, bromide, chlorite, chlorate, thiosulfate,
carbonate, hydrogen carbonate, acetate, formate, hydrogen phosphate, dihydrogen phosphate. One or more anions
may be used in and combinations of anions bearing various levels (divalent, monovalent, trivalent) of formal charge may
be used. The molecular weight of the anion may vary from 10-100,000.
[0021] The term "reducing agent" refers to a chemical species that provides electrons to another chemical species.
Again, a variety of reducing agents are known in the art, including dithiothreitol (DTT), 2-mercaptoethanol (2-ME), and
tris(2-carboxyethyl)phosphine (TCEP) and their related salts (e.g., TCEP-hydrochloride). The reducing agent of the
present invention is TCEP. In particular embodiments, the TCEP can be added as its hydrochloride salt, TCEP-HCl.
[0022] "Buffer" as used herein includes, for example, 2-Amino-2-hydroxymethyl-propane-1,3-diol (Tris), 2-(N-mor-
pholino)ethanesulfonic acid (MES), 3-(N-morpholino)propanesulfonic acid (MOPS), citrate buffers, 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), and phosphate buffers. This list of potential buffers is for illustrative purposes
only. The skilled artisan would recognize that the pH of the buffer selected for use in the compositions and methods
disclosed herein is relevant. The pH of the buffer will typically be in the range of 3 to 8.
[0023] As indicated above, the composition present in the solid matrix may optionally comprise a UV protectant or a
free-radical trap. In certain aspects of the invention, a UV protectant or a free-radical is required in the composition of
the incorporated in the dry solid matrix for the extraction and storage of nucleic acids. Without intending to be limited to
any specific UV protectant, exemplary agents include, for example, hydroquinone monomethyl ether (MEHQ), hydro-
quinone (HQ), toluhydroquinone (THQ), and ascorbic acid or vitamin C. In certain aspects, the free-radical trap is MEHQ
or THQ. The terms "UV protectant" or "free radical trap" may be used interchangeably herein with respect to maintaining
the extracted nucleic acids in an unmodified state for further analysis. The composition in the solid matrix may also
include RNase inhibitors such as vanadyl ribonucleoside complex (VRC) or any of the commercially available RNase
inhibitors (e.g., SUPERase-In™). Additional exemplary RNase inhibitors are described in Kumar et al. (2003) Biochemical
and Biophysical Research Communications 300:81-86.
[0024] Methods of using the compositions described herein above are further provided. In one embodiment, a method
for extracting and preserving nucleic acids (e.g., RNA, DNA, or a combination thereof) comprises the steps of: a) providing
the solid matrix of the invention; b) applying a sample (e.g., a biological sample) to the solid matrix to extract the nucleic
acids; c) drying the solid matrix; and d) storing the nucleic acids on the solid matrix in a dry state under ambient conditions.
In certain aspects of the method, the solid matrix is a porous cellulose-based paper such as the commercially available
903, 31-ETF, or FTA Elute™. Performance of this method permits the storage of nucleic acids, particularly RNA which
is widely known to be an unstable biomolecule to store, in a dry format (e.g., on a solid matrix) under ambient temperatures.
The samples utilized in this method include but are not limited to biological samples such as blood, serum, tissue, nasal
mucous, and saliva obtained from any organism, including a human.
[0025] The method delineated above may optionally include a step to recover the nucleic acids from the solid matrix
for further analysis. For example, the nucleic acids may be recovered by rehydrating the solid matrix (e.g., cellulose
paper) in an aqueous solution, a buffer solution, as defined above, or an organic solution. Alternatively, the nucleic acids
could be recovered from the solid matrix by electroelution. One of skill in the art will appreciate that any method capable
of recovering the nucleic acids from the solid matrix may be used to practice the disclosed methods.
[0026] In certain aspects, the metal thiocyanate salt includes but is not limited to sodium thiocyanate, potassium
thiocyanate, magnesium thiocyanate, calcium thiocyanate, barium thiocyanate, and zinc thiocyanate.
[0027] In certain aspects of the method, the solid matrix is a porous cellulose-based paper such as the commercially
available 903, 31-ETF, or FTA Elute™. Performance of this method permits the storage of nucleic acids, particularly
RNA which is widely known to be an unstable biomolecule to store, in a dry format (e.g., on a solid matrix) under ambient
temperatures. The samples utilized in this method include but are not limited to biological samples such as blood, serum,
tissue, nasal mucus, and saliva obtained from any organism, including a human.
[0028] The term "nucleic acid" refers to all forms of RNA (e.g., mRNA, miRNA, rRNA, tRNA, piRNA, ncRNA), DNA
(e.g. genomic DNA, mtDNA), as well as recombinant RNA and DNA molecules or analogues of DNA or RNA generated
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using nucleotide analogues. The nucleic acid molecules can be single stranded or double stranded. Strands can include
the coding or non-coding strand. Fragments of nucleic acids of naturally occurring RNA or DNA molecules are encom-
passed by the present invention and may be recovered using the compositions and methods disclosed. "Fragment"
refers to a portion of the nucleic acid (e.g., RNA or DNA).
[0029] The following examples are offered by way of illustration and not by way of limitation:

EXAMPLES:

Example 1: General RNA Analysis

[0030] A cultured human lymphocyte cell line (i.e., Jurkat cells) was utilized as the source of total cellular RNA. Cells
were dried on 7-mm cellulose discs impregnated with the indicated reagents, stored at room temperature for 10 days
in a desiccator cabinet, and cellular nucleic acids were electroeluted in accordance with standard protocols. Briefly, discs
were re-hydrated with 15 mL of 2 mg/mL proteinase K in nuclease-free water to remove excess protein and dried for -30
min. Punches were placed into individual wells of a 1% Tris-borate-EDTA (TBE) agarose gel and suspended in1X Gel
Loading Buffer II containing formamide (Ambion). Cellular nucleic acids were electrophoresed at 110 volts for 1-2 hours,
and RNA and DNA were post-stained with SYBR Gold (Invitrogen) and detected using a Typhoon Imager (GE Healthcare).
All equipment and surfaces were treated with RNAZap (Ambion) to preserve the integrity of cellular RNA during and
subsequent to electro-elution from cellulose. Internal standards, including RNA 6000 Nano Ladder (Agilent Technologies)
and purified human total RNA from muscle (Origene), were included on agarose gels to both monitor RNase contamination
and identify control rRNA bands.
[0031] Electrophoretograms were digitally quantified using ImageJ software. Briefly, a vertical line was drawn from
the top to the bottom of each gel lane, and pixel intensity (in gray value arbitrary units) was plotted as function of line
distance (cm) using the Plot Profile function. Peaks corresponding to genomic DNA and 28s/18s rRNA were identified
and used to calculate the ratio of 28s:18s rRNA.
[0032] Fig. 1 provides a representative electrophoretogram of nucleic acids recovered from cellulose using electroe-
lution. High molecular weight genomic DNA and 28s/18s rRNA bands are indicated.
[0033] Fig. 1 further provides quantitation of DNA and RNA using Image J. A vertical line was drawn from the top of
each lane to the bottom in panel A, and pixel intensity (gray value arbitrary units) was plotted as function of line distance
(cm) using the Plot Profile function. Peaks corresponding to genomic DNA and 28s/18s rRNA are "boxed."

Example 2: Empirical Determination of Favorable Conditions for RNA Extraction and Storage

[0034] The primary purpose of this example was to evaluate the effect of each single factor and the effect of the
combination of factors tested (e.g., chelating agent, buffer, pH, protein denaturant, reducing agent, and peptide RNase
inhibitor) on preserving RNA on cellulose paper. An additional aspect of this example was to evaluate the presence of
reducing agent (DTT) to potentially enhance the effect of the protein denaturant.
[0035] Jurkat cells were again utilized as the source of total cellular RNA, and the cells were applied directly onto
cellulose paper samples and air-dried to mimic a typical end-user application. Total cellular RNA was recovered by
electroelution, following the protocol described above in Example 1, into a 1% agarose gel and analyzed for 28s:18s
rRNA content based on known standards. Samples containing the components listed under each bar on the graph of
Fig. 2 were stored for 10 days at room temperature in a desiccator cabinet prior to analysis.
[0036] The results of Example 2 are set forth in Fig. 2. Numbers above each bar correspond to the ratio of 28s to 18s
rRNA. A 28s:18s ratio >1 generally indicates intact RNA. Several compositions failed to stabilize rRNA, including samples
lacking reducing agent (DTT) or SUPERase-In to inactivate RNase, or samples possessing an alkaline pH. Samples
containing GITC, DTT, and neutral buffer outperformed all other tested reagent combinations.

Example 3: Continued Empirical Determination of Favorable Conditions for RNA Extraction and Storage

[0037] After key components for storing RNA were identified in Example 2, Example 3 was designed to investigate
the effect of DTT and SDS either alone or in combination on the ability to preserve RNA, and the effect of a free radical
trap and chelating agent on the performance of GITC/DTT combinations that exhibited favorable RNA stabilization
properties in Example 2.
[0038] Jurkat cells were applied directly onto cellulose paper samples and air-dried to mimic a typical end-user appli-
cation. Total cellular RNA was recovered by electroelution, following the protocol described above in Example 1, into a
1% agarose gel and analyzed for 28s:18s rRNA content based on known standards.
[0039] Cellulose samples were stored for 13 days at room temperature in a desiccator cabinet prior to analysis.
Numbers above each bar correspond to the ratio of 28s to 18s rRNA. A 28s:18s ratio >1 generally indicates intact RNA.
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The results of Example 3 are provided in Fig. 3. GITC/DTT combinations generally exhibited better RNA stabilization
properties than SDS/DTT combinations. Supplementing either combination with a chelating agent (EDTA) resulted in
comparatively poorer RNA quality.

Example 4: Continued Empirical Determination of Favorable Conditions for RNA Extraction and Storage

[0040] After additional key components for storing RNA were identified in Example 3, Example 4 was designed to
investigate if an alternative reducing agent (TCEP), which has better stability and much less odor, could be substituted
for DTT. Another factor introduced into this example was vanadyl ribonucleoside complex (VRC), a small molecule
RNase inhibitor. These substitutions were compared and evaluated for the ability to stabilize rRNA.
[0041] Jurkat cells were applied directly onto cellulose paper samples and air-dried to mimic a typical end-user appli-
cation. Total cellular RNA was recovered by electroelution, following the protocol described above in Example 1, into a
1% agarose gel and analyzed for 28s:18s rRNA content based on known standards. Cellulose samples were stored for
10 days at room temperature in a desiccator cabinet prior to analysis. Numbers above each bar correspond to the ratio
of 28s to 18s rRNA. A 28s:18s ratio >1 generally indicates intact RNA. The results of Example 4 are provided in Fig. 4.
TCEP and DTT can be used interchangeably to stabilize RNA in several substrate compositions.

Example 5: Long-Term Performance of Select Compositions for RNA Storage on Cellulose

[0042] Example 5 was designed to evaluate the long-term performance of select compositions after 30 days of room
temperature storage. Jurkat cells were applied directly onto cellulose paper samples and air-dried to mimic a typical
end-user application. Total cellular RNA was recovered by electroelution, following the protocol described above in
Example 1, into a 1% agarose gel and analyzed for 28s:18s rRNA content based on known standards. Cellulose samples
were stored for 30 days at room temperature in a desiccator cabinet prior to analysis. Numbers above each bar correspond
to the ratio of 28s to 18s rRNA. A 28s:18s ratio >1 generally indicates intact RNA. The results of Example 5 are set forth
in Fig. 5.

Example 6: Stability Analysis of RNA in Dried Blood Spots

[0043] Example 6 was designed to evaluate the performance of a select RNA-stabilizing paper composition
(GITC/TCEP/MEHQ) with fresh whole blood at a variety of buffer conditions. Approximately 50 mL of rat whole blood
was collected from the tail vein of a test subject and spotted onto FTA paper or RNA-stabilizing paper prepared with the
indicated buffer components. Cards were dried and stored at ambient temperature but controlled humidity (-20% relative
humidity) for 5 to 22 days. RNA was extracted from a 7 mm center punch into lysis buffer and purified through a silica-
membrane spin column in accordance with protocols known in the art. Following purification and elution, RNA Integrity
Numbers (RIN) were measured on an Agilent 2100 Bioanalyzer using RNA 6000 Pico LabChips. By convention, RIN >
5 are good but RIN > 6 are best for quantitative downstream analyses such as RT-PCR or microarray applications. The
results of Example 6 are presented in Fig. 6. Overall RNA quality from this select paper composition (GITC/TCEP/MEHQ)
at all tested buffer compositions exceeded the performance of FTA paper.

Example 7: Impact of UV Protection on RNA Stability

[0044] Example 7 was designed to demonstrate mRNA protection by UV inhibitors and free radical traps present in a
select dry matrix (GITC/TCEP/Tris). DNA-free total Jurkat RNA (1mg) was spotted in duplicate onto RNA-stabilizing
paper containing the indicated components. Each card was split and one half was kept in the dark at 35°C for 20 hours,
while the other was treated in a Q-SUN Xe-1 Xenon test chamber for 20 hours (35°C, 0.3W/cm2, 340nm) to replicate
the full energy spectrum of sunlight (21.7kJ/m2 total energy). A 1.2mm punch was taken from each sample and dropped
directly into reverse-transcriptase reactions to create a cDNA library, which was then probed against primers specific to
HPRT1 and clathrin mRNA by qPCR. Cycle thresholds (CT) for samples exposed to UV were subtracted from the CT of
untreated mate-pairs stored in the dark. The results of Example 7 are presented in Fig. 7. Vitamin C is used synonymously
in the figure for ascorbic acid.

Example 8: Stability of Reducing Agent on Paper under Ambient Conditions

[0045] 31ETF cellulose-based paper from Whatman™ was immersed in increasing concentrations of TCEP or DTT
in the presence of GITC in Tris buffer, pH 7.4. The cellulose based papers were stored at room temperature without
humidity regulation. At the days 5, 19, and 105, 5,5’-Dithio-bis(2-nitrobenzoic acid) ("DTNB") was placed on each paper
sample. In the presence of an active reducing agent, an instant color change to yellow was observed. Up to 105 days
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of storage under ambient conditions, the cellulose paper coated the TCEP solution, at all concentrations, was still active
and able to reduce DTNB as indicated by a visible change in color of the paper from white to yellow. The paper samples
immersed in DTT were not able to reduce DTNB, and, accordingly, the color of the paper remained white. These figures
do not convey their meaning in black and white and, as such, have not been included herein but are available at the
Examiner’s request. The chemical reaction relevant to the reduction of DTNB is provided in Cline et al. (2004) Biochemistry
43: 15195-15203.

Example 9: Qualitative Analysis of Aging of Reducing Agents

[0046] 31-ETF cellulose paper samples contained GITC in Tris buffer, pH 7.4, with different concentrations of the
reducing agents TCEP or DTT. The paper samples were stored under the following different conditions: 1) 21°C, 10%
relative humidity; 2) 21°C, 80% relative humidity; and 3) 41°C, 10% relative humidity.
[0047] At day 0, 1, 6, and 25, a 10 mg sample of cellulose paper under each condition were put into a DTNB solution,
shaken briefly, and color images were taken. At day 1, all of the TCEP samples under each of the environmental conditions
were able to change color of the DTNB solution to yellow, indicating it was still able to function as a reducing agent. In
contrast, DTT failed to turn the samples yellow in the presence of DTNB, even at 21°C and 10% relative humidity. At
day 25, TCEP paper stored at 21°C and 10% relative humidity continued to show functional reducing activity. An increase
of either the humidity or the temperature, however, resulted in a noticeable decrease in TCEP activity as a reducing
agent, indicating that both temperature and humidity are relevant factors in TCEP function as a reducing agent.

Example 10: Qualitative Analysis of TCEP Activity on Cellulose-Based Paper

[0048] TCEP compositions further comprising GITC and MEHQ in different buffers (Tris, pH 7.4; MES, pH 6.2; and
MOPS, pH 7.0) and a control sample comprising no buffer were prepared. Cellulose-based paper was then coated, each
with a different one of the above solutions, fast dried at 50°C in an oven with air blow, sealed with desiccants in aluminum
foil bags to keep moisture low, and then stored at 4°C, room temperature, or 41°C.
[0049] At the weeks indicated in the figure (0, 1, and 4), TCEP activity was analyzed using a DTNB colorimetric assay
in which DTNB was added to each 3.6 mm paper punch, was stirred for 30 minutes, and then the absorbance of the
liquid at 412 nm was measured.
[0050] All samples were stable at 4°C with approximately 100% activity at one month. Following one month at room
temperature, TCEP activity displayed variability based on the buffer utilized (e.g., MOPS (100%) > No buffer (90%) >
MES (86%) > Tris (81%)). After one month at 41°C, variability in TCEP activity was still observed (e.g., MOPS (67%) >
MES (63%) > Tris (48%) > No buffer (39%)). Overall, TCEP reducing power on cellulose was highest in the presence
of MOPS buffer under the tested environmental conditions.

Example 11: Conditions for Robust Substrate Preparation, Dry Storage at Ambient Temperature, and RNA Extraction 
and Analysis.

[0051] A cultured human lymphocyte cell line, more particularly the Jurkat cell line, was utilized to provide a sample
of total cellular RNA. The cells were spotted onto 7-mm cellulose discs impregnated with the reagents indicated in the
table below at the specified concentrations. The discs containing the reagents set forth below were prepared via a
"dipping" protocol in which pieces (∼ 4 in2) of cellulose paper (Whatman™ 31-ETF paper) were saturated by placing the
Whatman™ 31-ETF paper in petri dishes of the dipping solutions containing the amounts of the reagents listed in Table
1. The dipping solutions were prepared by adding deionized water to the indicated thiocyanate salt (e.g., NaSCN, KSCN,
NH4SCN, Ca(SCN)2, Mg(SCN)2, Ba(SCN)2, Co(SCN)2, Zn(SCN)2, or NaClO4) MOPS, TCEP-HCl, and MEHQ or THQ
to achieve the desired concentrations of each of these reagents in the dipping solutions. The dipping solutions were
agitated on a vortex to ensure complete dissolution of the solid reagents, and the pH of each of the final dipping solutions
was determined in accordance with methods known in the art.

Table 1: Concentrations of Reagents in Dip Coating Solutions

Salt [-SCN] (mM) [TCEP-HCl) (mM) [MOPS] (mM) [MEHQ] (mM) [THQ] (mM) pH

NaSCN 420 35 96 40 0 2.0

NaSCN 420 35 88 40 0 4.5

NaSCN 420 35 88 40 0 7.0

NaSCN 308 35 88 40 0 4.6
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[0052] Once the cellulose paper was saturated, the excess solution was removed with a nip roller and the paper was
dried at 50°C under a stream of N2 gas. Jurkat cells (e.g., source of total cellular RNA) were applied to the dried paper
substrate comprising the combination of reagents as set forth in Table 1. The cellulose substrates comprising the total
cellular RNA from the Jurkat cells along with the reagents as in the above table were dried and stored at room temperature
for 7-17 days in a desiccator cabinet maintained at -20% relative humidity (RH).
[0053] Cellular RNA was extracted from each cellulose sample and measured in accordance with standard protocols.
Briefly, cellulose samples were re-hydrated with 15 mL of 4mg/mL proteinase K and cellular RNA was extracted from
the cellulose matrix into lysis buffer and purified on silica-membrane spin columns in accordance with protocols known
in the art. Following purification and elution into nuclease-free water, RNA Integrity Numbers (RIN) were measured on
an Agilent 2100 Bioanalyzer using RNA 6000 Pico LabChips. By convention, RIN > 5 are considered good but RIN > 6
are considered preferable for quantitative downstream analyses such as RT-PCR or microarray applications.
[0054] The results of Example 11 are set forth in Fig. 9. It was observed that NaSCN can be directly substituted for
GuSCN to extract and stabilize cellular RNA at ambient temperature. Unlike the case for GuSCN, this phenomenon was
independent of the final solution pH used to impregnate the cellulose paper (pH 4 or pH 7). Because GuSCN contains
a guanidinium cation that acts as a weak base at neutral pH, it is hypothesized that GuSCN may elicit alkaline hydrolysis
of RNA at pH 7.. Strong RNA stabilization properties were also observed for related thiocyanate salts containing metal
or ammonium cations, but not for a perchlorate salt commonly used to extract nucleic acids. Of these related inorganic
salts, thiocyanate salts with Group 1 or Group 2 metal cations (e.g., Na+, K+, Mg+2, Ca+2, Ba+2) proved most effective
in stabilizing RNA (RIN >5). One of skill in the art would appreciate that metal cations, especially divalent cations, are
stimulatory cofactors for RNase enzymes and catalytic RNAs (e.g., ribozymes). Therefore, the applicability of Mg2+- or
Ca2+-based thiocyanate salts to RNA preservation would not have been anticipated by even those skilled in the art.

Example 12: RNA Stability Analysis of Dried Blood Spots

[0055] Example 12 was designed to evaluate the performance of three different inorganic salts for stabilizing total
cellular RNA from whole blood. Approximately 50 mL of rat whole blood was collected from the tail vein of a test subject
and spotted onto chemically-treated paper containing the indicated salts at equimolar concentrations in combination
with a reducing agent (e.g., TCEP), a buffer (e.g., Tris), and an antioxidant (e.g., THQ) in a dry format. The chemically
treated dried cellulose papers were prepared essentially as described above in Example 11. Blood spots on the chem-
ically-impregnated cellulose papers were dried and stored at ambient temperature at a controlled humidity of approxi-
mately 20% relative humidity for 19 days. RNA was extracted from a 7 mm center punch into lysis buffer and purified
through silica-membrane spin columns in accordance with protocols known in the art. Following purification and elution,
an RNA Integrity Number (RIN) was measured for each sample on an Agilent 2100 Bioanalyzer using RNA 6000 Pico
LabChips. Again, an RIN > 5 is considered good, but an RIN > 6 are considered preferable for quantitative downstream
analyses such as RT-PCR or microarray applications.
[0056] The results of Example 12 are set forth in Fig. 10. The indicated thiocyanate salts impregnated in the cellulose
paper substrates in Example 11 were essential equally effective in extracting and stabilizing RNA from rat blood at
ambient temperature. On the basis of these results, the skilled artisan would appreciate any related thiocyanate salts
may be used to practice the disclosed methods.

(continued)

Salt [-SCN] (mM) [TCEP-HCl) (mM) [MOPS] (mM) [MEHQ] (mM) [THQ] (mM) pH

NaSCN 208 35 88 40 0 4.3

NaSCN 104 35 88 40 0 5.0

KSCN 420 35 88 40 0 4.5

NH4SCN 420 35 88 40 0 4.5

Ca(SCN)2 424 35 96 0 40 3.3

Mg(SCN)2 424 35 96 0 40 3.3

Ba(SCN)2 424 35 96 0 40 3.3

Co(SCN)2 424 35 96 0 40 3.2

Zn(SCN)2 424 35 96 0 40 3.2

NaClO4 424 35 96 0 40 3.2
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[0057] The singular forms "a", "an" and "the" include plural referents unless the context clearly dictates otherwise.
Approximating language, as used herein throughout the specification and claims, may be applied to modify any quan-
titative representation that could permissibly vary without resulting in a change in the basic function to which it is related.
Accordingly, a value modified by a term such as "about" is not to be limited to the precise value specified. In some
instances, the approximating language may correspond to the precision of an instrument for measuring the value. Where
necessary, ranges have been supplied, and those ranges are inclusive of all sub-ranges there between.

Claims

1. A dry solid matrix for extraction and storage of nucleic acids from a sample, wherein a composition comprising at
least one metal thiocyanate comprising a Group 1 or Group 2 metal cation, tris(2-carboxyethyl)phosphine (TCEP),
and a buffer is incorporated into the dry solid matrix, and the matrix is then dried, wherein the solid matrix is a porous
matrix comprising cellulose, cellulose acetate, glass fiber or any combination thereof.

2. The dry solid matrix of claim 1, wherein said Group 1 or Group 2 metal cation is selected from the group consisting
of Na+, K+, Li+, Mg2+, Ca2+, and Ba2+.

3. The dry solid matrix of claim 1, wherein the composition present in the solid matrix further comprises a UV inhibitor,
a free-radical trap, a chelator, or any combination thereof.

4. The dry solid matrix of claim 1, wherein the composition incorporated into the dry solid matrix further comprises an
RNase inhibitor.

5. The dry solid matrix of claim 1, wherein the nucleic acids are RNA.

6. The dry solid matrix of claim 1, wherein the buffer is selected from the group consisting of 2-amino-2-hydroxymethyl-
propane-1,3-diol (Tris), 2-(N-morpholino)ethanesulfonic acid (MES), 3-(N-morpholino)propanesulfonic acid
(MOPS), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), a citrate buffer, and a phosphate buffer.

7. The dry solid matrix of claim 3, wherein the UV protectant or free-radical trap is selected from the group consisting
of hydroquinone monomethyl ether (MEHQ), hydroquinone (HQ), toluhydroquinone (THQ), and ascorbic acid.

8. The dry solid matrix of claim 4, wherein the RNase inhibitor is vanadyl ribonucleoside complex (VRC), a nucleotide
analogue, or a commercially available RNase inhibitor and said solid matrix further comprising a free-radical trap,
wherein the free-radical trap comprises MEHQ or THQ.

9. The dry solid matrix of claim 1, wherein the solid matrix is a porous cellulose-based matrix and:

a) the metal thiocyanate salt is comprised of a Group 1 or Group 2 metal cation;
b) the reducing agent is TCEP; and
c) the buffer is MOPS.

10. A method for extracting and storing nucleic acids from a sample comprising:

a) providing a dry solid matrix for extraction and storage of nucleic acids from a sample, wherein a composition
is incorporated into the dry solid matrix comprising a metal thiocyanate comprising a Group 1 or Group 2 metal
cation, TCEP, and a buffer wherein the dry solid matrix is a porous matrix comprising cellulose, cellulose acetate,
glass fiber or any combination thereof;
b) drying the solid matrix after incorporation of the composition into the dry solid matrix;
c) applying a sample to the dry solid matrix to collect the nucleic acids;
d) drying the solid matrix comprising the nucleic acids; and
e) storing the nucleic acids on the solid matrix in a dry state under ambient conditions.

11. The method of claim 10, wherein said metal cation is selected from the group consisting of Na+, K+, Li+, Mg2+, Ca2+,
and Ba2+.
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Patentansprüche

1. Trockene, feste Matrix zur Extraktion und Lagerung von Nukleinsäuren aus einer Probe, wobei eine Zusammen-
setzung, umfassend mindestens ein Metallthiocyanat, umfassend ein Metallkation der Gruppe 1 oder Gruppe 2,
Tris(2-carboxyethyl)phosphin (TCEP) und einen Puffer, in die trockene, feste Matrix eingearbeitet wird und die Matrix
anschließend getrocknet wird, wobei die feste Matrix eine poröse Matrix ist, umfassend Cellulose, Celluloseacetat,
Glasfaser oder beliebige Kombination davon.

2. Trockene, feste Matrix nach Anspruch 1, wobei das Metallkation der Gruppe 1 oder Gruppe 2 ausgewählt ist aus
der Gruppe, bestehend aus Na+, K+, Li+, Mg2+, Ca2+ und Ba2+.

3. Trockene, feste Matrix nach Anspruch 1, wobei die in der festen Matrix vorliegende Zusammensetzung ferner einen
UV-Hemmer, eine Radikalfalle, einen Chelatbildner oder beliebige Kombination davon umfasst.

4. Trockene, feste Matrix nach Anspruch 1, wobei die in die trockene, feste Matrix eingearbeitete Zusammensetzung
einen RNase-Hemmer umfasst.

5. Trockene, feste Matrix nach Anspruch 1, wobei die Nukleinsäuren RNA sind.

6. Trockene, feste Matrix nach Anspruch 1, wobei der Puffer ausgewählt ist aus der Gruppe, bestehend aus 2-Amino-
2-hydroxymethyl-propan-1,3-diol (Tris), 2-(N-Morpholino)ethansulfonsäure (MES), 3-(N-Morpholino)propansulfon-
säure (MOPS), 4-(2-Hydroxyethyl)-1-piperazinethansulfonsäure (HEPES), einem Citratpuffer und einem Phosphat-
puffer.

7. Trockene, feste Matrix nach Anspruch 3, wobei das UV-Schutzmittel oder die Radikalfalle ausgewählt ist aus der
Gruppe, bestehend aus Hydrochinonmonomethylether (MEHQ), Hydrochinon (HQ), Toluhydrochinon (THQ) und
Ascorbinsäure.

8. Trockene, feste Matrix nach Anspruch 4, wobei der RNase-Hemmer Vanadylribonukleosidkomplex (VRC), ein Nu-
kleotidanalogon oder ein im Handel erhältlicher RNase-Hemmer ist und wobei die feste Matrix ferner eine Radikalfalle
umfasst, wobei die Radikalfalle MEHQ oder THQ umfasst.

9. Trockene, feste Matrix nach Anspruch 1, wobei die feste Matrix eine poröse cellulosebasierte Matrix ist und:

a) das Metallthiocyanatsalz aus einem Metallkation der Gruppe 1 oder Gruppe 2 besteht;
b) das Reduktionsmittel TCEP ist; und
c) der Puffer MOPS ist.

10. Verfahren zur Extraktion und Lagerung von Nukleinsäuren aus einer Probe, umfassend:

a) Bereitstellen einer trockenen, festen Matrix zur Extraktion und Lagerung von Nukleinsäuren aus einer Probe,
wobei eine Zusammensetzung in die trockene, feste Matrix eingearbeitet wird, umfassend ein Metallthiocyanat,
umfassend ein Metallkation der Gruppe 1 oder Gruppe 2, TCEP und einen Puffer, wobei die trockene, feste
Matrix eine poröse Matrix ist, umfassend Cellulose, Celluloseacetat, Glasfaser oder beliebige Kombination
davon;
b) Trocknen der festen Matrix nach dem Einarbeiten der Zusammensetzung in die trockene, feste Matrix;
c) Auftragen einer Probe auf die trockene, feste Matrix, um die Nukleinsäure zu sammeln;
d) Trocknen der festen, die Nukleinsäuren umfassenden, Matrix; und
e) Lagern der Nukleinsäuren auf der festen Matrix in einem trockenen Zustand unter Umgebungsbedingungen.

11. Verfahren nach Anspruch 10, wobei das Metallkation ausgewählt ist aus der Gruppe, bestehend aus Na+, K+, Li+,
Mg2+, Ca2+ und Ba2+.

Revendications

1. Matrice solide sèche pour l’extraction et le stockage d’acides nucléiques provenant d’un échantillon, dans laquelle
une composition comprenant au moins un thiocyanate de métal comprenant un cation de métal du groupe 1 ou du
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groupe 2, de la tris(2-carboxyéthyl)phosphine (TCEP), et un tampon est incorporée dans la matrice solide sèche,
et la matrice est ensuite séchée, dans laquelle la matrice solide est une matrice poreuse comprenant une cellulose,
un acétate de cellulose, une fibre de verre ou n’importe quelle combinaison de ceux-ci.

2. Matrice solide sèche selon la revendication 1, dans laquelle ledit cation de métal du groupe 1 ou du groupe 2 est
sélectionné dans le groupe constitué de Na+, K+, Li+, Mg2+, Ca2+, et Ba2+.

3. Matrice solide sèche selon la revendication 1, dans laquelle la composition présente dans la matrice solide comprend
en outre un inhibiteur d’UV, un piège de radicaux libres, un chélateur, ou n’importe quelle combinaison de ceux-ci.

4. Matrice solide sèche selon la revendication 1, dans laquelle la composition incorporée dans la matrice solide sèche
comprend en outre un inhibiteur d’ARNase.

5. Matrice solide sèche selon la revendication 1, dans laquelle les acides nucléiques sont un ARN.

6. Matrice solide sèche selon la revendication 1, dans laquelle le tampon est sélectionné dans le groupe constitué du
2-amino-2-hydroxyméthyl-propane-1,3-diol (Tris), de l’acide 2-(N-morpholino)éthanesulfonique (MES), de l’acide
3-(N-morpholino)-propanesulfonique (MOPS), de l’acide 4-(2-hydroxyéthyl)-1-pipérazineéthanesulfonique (HE-
PES), d’un tampon au citrate, et d’un tampon au phosphate.

7. Matrice solide sèche selon la revendication 3, dans laquelle l’agent anti-UV ou le piège de radicaux libres est
sélectionné dans le groupe constitué de l’hydroquinone monoéthyl éther (MEHQ), de l’hydroquinone (HQ), de la
toluhydroquinone (THQ), et de l’acide ascorbique.

8. Matrice solide sèche selon la revendication 4, dans laquelle l’inhibiteur d’ARNase est un complexe de vanadyl
ribonucléoside (VRC), un analogue de nucléotide, ou un inhibiteur d’ARNase disponible dans le commerce et ladite
matrice solide comprenant en outre un piège de radicaux libres, dans laquelle le piège de radicaux libres comprend
la MEHQ ou la THQ.

9. Matrice solide sèche selon la revendication 1, dans laquelle la matrice solide est une matrice à base de cellulose
poreuse et :

a) le sel de thiocyanate de métal est composé d’un cation de métal du groupe 1 ou du groupe 2 ;
b) l’agent réducteur est le TCEP ; et
c) le tampon est le MOPS.

10. Procédé d’extraction et de stockage d’acides nucléiques provenant d’un échantillon comprenant :

a) la fourniture d’une matrice solide sèche pour l’extraction et le stockage d’acides nucléiques provenant d’un
échantillon, dans laquelle une composition est incorporée dans la matrice solide sèche comprenant un thiocya-
nate de métal comprenant un cation de métal du groupe 1 ou du groupe 2, du TCEP, et un tampon dans lequel
la matrice solide sèche est une matrice poreuse comprenant une cellulose, un acétate de cellulose, une fibre
de verre ou n’importe quelle combinaison de ceux-ci ;
b) le séchage de la matrice solide après l’incorporation de la composition dans la matrice solide sèche ;
c) l’application d’un échantillon sur la matrice solide sèche pour collecter les acides nucléiques ;
d) le séchage de la matrice solide comprenant les acides nucléiques ; et
e) le stockage des acides nucléiques sur la matrice solide dans un état sec dans les conditions ambiantes.

11. Procédé selon la revendication 10, dans lequel ledit cation de métal est sélectionné dans le groupe constitué de
Na+, K+, Li+, Mg2+, Ca2+, et Ba2+.
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